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SERIAL SIGNAL RECEIVING DEVICE,
SERIAL TRANSMISSION SYSTEM AND
SERIAL TRANSMISSION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based on and claims priority under 35
USC 119 from Japanese Patent Application No. 2008-268243
filed Oct. 17, 2008.

BACKGROUND

1. Technical Field

The present invention relates to a serial signal recerving
device, a serial transmission system and a serial transmission
method.

2. Related Art

As 1nformation transmitting technologies, a serial trans-
mission technology and a parallel transmission technology
are known. In the serial transmission technology, information
1s transmitted in order (serially) bit by bit (minimum unit of
information) through a commumnication line. In the parallel
transmission technology, information 1s transmitted at once
in parallel bits by bits through plural communication lines.

Recently, transmission ol information using the serial
transmission (serial transier) technology, particularly a high-
speed serial transmission technology of G-bit/s, for example,
2.5 G-bit/s and more has been frequently performed. This 1s
because the transmission amount of information 1s increasing,
as functions of an equipment (device) dealing with informa-
tion becomes higher and 1mage quality becomes higher.

In case of information transmission using the parallel
transmission technology, as the transmission amount of 1nfor-
mation becomes larger, the number of transmission lines
increases and the area occupied physically by the transmis-
sion lines increases.

Usually, under the configuration of a senial transmission
system, 1n order to serialize plural signals input 1n parallel on
the transmission side, the plural signals are sampled and
latched 1n synchronization with a sampling clock, and the
respective latched signals are transmitted serially by a trans-
mission clock of which speed 1s higher than the speed of the
sampling clock.

SUMMARY

According to an aspect of the invention, a serial signal
receiving device, includes: a serial-parallel converter that
converts a transmitted senial signal into a parallel signal,
wherein the serialized signal 1s obtained by the plural signal;
a storage unit that stores phase difference mnformation indi-
cating a phase difference among the plural signals; and a
correcting unit that corrects a phase relation among the plural
signals of the parallel signal output from the serial-parallel
converter based on the phase difference information stored by
the storage unit.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiment(s) of the present invention will be
described 1n detail based on the following figures, wherein:

FIG. 1 1s a system configuration diagram showing an out-
line of a configuration of a serial transmission system accord-
ing to a first exemplary embodiment of the invention;
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FIG. 2A, FIG. 2B and FIG. 2C are timing charts for
explaining the operation of the serial transmission system
according to the first exemplary embodiment;

FIG. 3 1s a system configuration diagram showing an out-
line of a configuration of a serial transmission system accord-
ing to a second exemplary embodiment of the invention;

FIG. 4 1s a diagram showing the command insertion struc-
ture of 8B10B encoding;

FIG. 5 15 a conceptual diagram of command transmission;
and

FIG. 6 1s a system configuration diagram showing an out-
line of a configuration of a serial transmission system which
transmits a signal through a storage unit 1n order to absorb a
difference 1n frequency.

DETAILED DESCRIPTION

Exemplary embodiments of the invention will be described
below 1n detail with reference to drawings.

First Exemplary Embodiment
Configuration of System

FIG. 1 1s a system configuration diagram showing an out-
line of a configuration of a serial transmission system accord-
ing to a first exemplary embodiment of the ivention. The
serial transmission system according to the first exemplary
embodiment includes a transmission device 10 and a recep-
tion device 20, and the transmission device 10 and the recep-
tion device 20 are electrically connected to each other through
a communication line (transmission line) 30.

To the transmission device 10, plural signals are mput 1n
parallel from a CPU 40 as an information processing unit.
Further, a periodic signal, that 1s, a clock signal CLK which 1s
generated periodically 1s mput as a system clock to the trans-
mission device 10.

Herein, as an example of the plural signals, a chip selection
signal CS, a writing signal WR, and an information signal
DATA are taken. However, this 1s merely an example, and the
invention 1s not limited to this. As other signals, when the
information signal DATA 1s pixel information, a line synchro-
nous signal for defining a line, a page synchronous signal for
defining a page, and the like are taken.

Here, the chip selection signal CS 1s a signal for speciiying
which device (chip) of plural input/output interface devices
processing 1s performed for. The writing signal WR 1s a signal
for mstructing the chip selected by the chip selection signal
CS to write the mnformation signal DATA.

The transmission device 10 includes three latch circuits 11,
12 and 13 provided correspondingly to the number of signals
input 1 parallel from the CPU 40, a clock generating unit for
generating a transmission clock which will be described later,
and a P to S converter 15. As the clock generating unit, for
example, a PLL (Phase Locked Loop) circuit 1s used. Further,
P of the P to S converter 15 indicates a parallel signal, and S
thereof indicates a serial signal.

The latch circuit 11, with a chip selection signal CS as an
input signal, latches the chip selection signal CS in synchro-
nization with the clock signal CLK. The latch circuit 12, with
a writing signal WR as an mput signal, latches the writing
signal WR 1n synchronization with the clock signal CLK. The
latch circuit 13, with an information signal DATA as an input
signal, latches the information signal DATA 1n synchroniza-
tion with the clock signal CLK.

Namely, the chip selection signal CS, the writing signal
WR and the mnformation signal DATA are incorporated into




US 7,920,079 B2

3

the transmission device 10 by the same clock signal CLK and
latched to the latch circuits 11, 12 and 13, respectively.
Accordingly, the clock signal CLK becomes a sampling clock
for incorporating the chip selection signal CS, the writing
signal WR and the information signal DATA at the same
timing.

The PLL circuit 14 generates, by frequency-multiplying
the clock signal CLK that 1s the sampling clock, a transmis-
s1on clock which 1s higher 1n frequency than the clock signal
CLK. This generated transmission clock 1s supplied to the P
to S converter 135.

The P to S converter 135 serializes the chip selection signal
CS, the writing signal WR and the information signal DATA
latched by the latch circuits 11, 12 and 13 1n synchronization
with the transmission clock generated by the PLL circuit 14,
bit by bit 1n order. At this time, a senial signal includes also
transmission clock iformation. The senial signal including
this transmission clock information 1s transmitted through the
communication line 30 to the reception device 20.

The reception device 20 includes an S to P converter 21,
three latch circuits 22, 23 and 24, a phase difference informa-
tion storage unit 25, and a phase correcting unit 26.

The S to P converter 21 receives the serial signal transmait-
ted serially through the communication line 30 from the
transmission device 10, and extracts the transmission clock
information inserted in the serial signal as a control clock
S-CLK. Next, the S to P converter 21 supplies the extracted
control clock S-CLK to the phase correcting umt 26, and
converts the recetved serial signal S 1nto a parallel signal P 1n
synchronization with the control clock S-CLK.

The S to P converter 21 further generates, on the basis of the
control clock S-CLK, a latch clock CDR-CLK having the
same Irequency as the frequency of the sampling clock CLK
of the transmission side, and supplies the latch clock CDR-
CLK to the latch circuits 22, 23 and 24, and the phase cor-
recting unit 26.

The latch circuits 22, 23 and 24 respectively latch the chip
selection signal CS, the writing signal WR and the informa-
tion signal DATA output in parallel from the S to P converter
21, 1n synchronization with the latch clock CDR-CLK.
Hereby, the chip selection signal CS, the writing signal WR
and the information signal DATA are output from the latch
circuits 22, 23 and 24 at the same timing, and supplied to the
phase correcting unit 26.

The phase difference information storage unit 25 stores in
advance phase difference information as correction informa-
tion. The phase difference information indicates phase difier-
ence among the plural signals input 1n parallel from the CPU
40 to the transmission device 10, that 1s, among the chip
selection signal CS, the writing signal WR and the informa-
tion signal DATA. This phase difference refers to time lag
among a logical change point of the chip selection signal CS
(change point from the logic O (low voltage) to the logic 1
(high voltage) or from the logic 1 to the logic 0), a logical
change point of the writing signal WR, and a first information
start point of the information signal DATA (this can be taken
also as a change point).

Here, when the chip selection signal CS, the writing signal
WR and the information signal DATA are compared with one
another, due to the before-mentioned properties of the func-
tions of these signals, the logical change point of the chip
selection signal CS comes earlier than the logical change
point of the writing signal WA and the first information start
point of the information signal DATA.

Therefore, 1n this example, on the basis of the logical
change point of the chip selection signal CS, time lag between
the logical change point of the writing signal WR and the
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change point of this base signal, and time lag between the first
information start point of the information signal DATA and
the change point of the base signal are taken as the phase
difference among the plural signals. This phase difference,
since 1t 1s time information, can be represented by the number
of count (the number of clock cycles) of the control clock
S-SLK having a constant cycle. The control clock S-CLK has
the same frequency as the frequency of the transmission clock
on the transmission side.

Here, as an example, other two signals than the base signal
have the same phases are given. That 1s, phase difference
information among the three signals 1s one. However, this 1s
merely an example, and there 1s also a case in which other two
signals than the base signal have the different phases. In this
case, as phase difference information among the three signals,
there are two between the two remaining signals and the base
signal.

On the transmission side, the phase difference among the
plural signals 1input 1n parallel {from the CPU 40 to the trans-
mission device 10 has been determined under specifications.
Accordingly, by converting the phase difference to the num-
ber of clock cycles of the control clocks S-CLK, the phase
difference information among the plural signals can be
obtained as the number of clock cycles. This clock number
information 1s stored in advance in the phase difference infor-
mation storage unit 25 as phase difference information indi-
cating the phase relation among the plural signals when their
signals have been mput 1n parallel to the transmission device
10.

The phase correcting unit 26 subjects the chip selection
signal CS, the writing signal WR and the information signal
DATA which are supplied from the S to P converter 21
through the latch circuits 22, 23 and 24 at the same timing to
phase correction processing, using the phase diflerence infor-
mation given from the phase difference information storage
unit 25 as correction mformation. This phase correction pro-
cessing 1s performed on the basis of the correction informa-
tion 1n order to return a phase relation among their signals to
the phase relation when their signals have been mput 1n par-
allel to the transmission device 10.

Specifically, 1n this example, on the basis of the chip selec-
tion signal CS, after the chip selection signal CS has been
output, the control clock S-CLK 1s counted to the number of
clock cycles by the phase difference information given from
the phase difference information storage unit 25, that 1s, and
the output of the writing signal WR and the output of the
information signal DATA are delayed respectively for the
time according to the number of clock cycles. Herein, the
logical change point of the writing signal WR and the first
information start point of the information signal DATA have
the same timing.

Thereatter, the phase correcting umit 26 outputs the chip
selection signal CS, the writing signal WR and the informa-
tion signal DATA 1n a state where the phase relation among
their signals returns to the phase relation when their signals
have been mput 1n parallel from the CPU 40 to the transmis-
sion device 10. Further, the phase correcting umt 26 ire-
quency-divides the control clock S-CLK thereby to output a
clock signal CLK having the same cycle as the cycle of the
sampling clock CLK on the transmission side,

Operation of System

Next, the operation of the serial transmission system hav-
ing the above configuration according to the first exemplary
embodiment will be described with reference to timing charts

of FIGS. 2A to 2C. In the timing charts of FIGS. 2A to 2C,
reverse signals of the chip selection signal CS and the writing
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signal WR, that 1s, a reverse chip selection signal xCS and a
reverse writing signal XWR are shown.

As clear from FIGS. 2A to 2C, the phase relation among the
chip selection signal xCS (CS), the writing signal xXWR (WR)
and the information signal DATA, that is, the phase diflerence
among their change points 1s below the sampling cycle on the
transmission side, that 1s, below the cycle of the sampling
clock CLK. Under such the phase relation, as described
betfore, the signal sampling interval by the sampling clock
CLK becomes coarser than the cycle between the change
points, so that the problem that the phase relation among the
plural signals mput in parallel alters 1s produced.

First, on the transmission side, from the CPU 40 to the
transmission device 10, as shown 1 FIG. 2A, the chip selec-
tion signal CS, the writing signal WR and the information
signal DATA which have the phase relations determined 1n
advance under specifications are input 1n parallel together
with the sampling clock CLK.

This parallel signal, after being converted into a serial
signal (serialized) by the transmission device 10, 1s serially
transmitted through the communication line 30 to the recep-
tion side. Then, the serial signal S 1s converted 1nto a parallel
signal P (parallelized) by the S to P converter 21 of the
reception device 20.

At this time, the reverse chip selection signal xCS, the
reverse writing signal XWR and the information signal DATA
which are output 1n parallel from the S to P converter 21 are
latched respectively to the latch circuits 22, 23 and 24 1n
synchronization with rising timing of the control clock CDR-
CLK, Therefore, as shown 1n FIG. 2B, the logic change point
of the reverse chip selection signal xCS, the logic change
point of the reverse writing signal xWR and the first informa-
tion start point of the information signal DATA are 1n phase.

For the reverse chip selection signal xCS, the reverse writ-
ing signal XWR and the information signal DATA which are
in phase, the phase correcting unit 26 performs the phase
correction processing for returning the phase relation among
their signals to the phase relation when their signals have been
input from the CPU 40 to the transmission device 10 1n
parallel. Specifically, with the reverse chip selection signal
sCS as a base signal, on the basis of the phase difference
information given from the phase difference information stor-
age unit 23, the reverse writing signal xXWR and the informa-
tion signal DATA are shifted from the base signal by a defined
value.

Due to the phase correction by this phase correction unit
26, the reverse chip selection signal xCS, the reverse writing
signal XWR and the information signal DATA, when output
from the reception side, as shown 1n FIG. 2C, 1s supplied
through the transmission line to the sequential device in a
state where the phase relation when their signals have been
input from the CPU 40 to the transmission device 10 1n
parallel 1s kept.

The chip selection signal CS (xCS), the writing signal WR
(xWR) and the information signal DATA, since they keep the
phase relation 1n the parallel input time, are transmitted to the
sequential device without the reverse phase relation, even 1n
case that propagation delay 1s produced due to difference 1n
wiring length of the transmission wire between the reception
device 20 and the sequential device.

Second Exemplary Embodiment
Configuration of System

FIG. 3 1s a system configuration diagram showing an out-
line of a configuration of a serial transmission system accord-
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ing to a second exemplary embodiment of the invention. In
the figure, umits equal to those 1n FIG. 1 are denoted by the
same symbols. The serial transmission system according to
the second exemplary embodiment includes a transmission
device 10 A and a reception device 20A, and the transmission
device 10A and the reception device 20A are electrically
connected to each other through a communication line 30.

To the transmission device 10A, plural signals are input 1n
parallel from a CPU 40 as a signal source. Herein, as an
example of the plural signals, a chip selection signal CS, a
writing signal WR, and an information signal DATA are
taken, but this 1s merely an example. To the transmission
device 10A, from the CPU 40, further, a clock signal CLK
generated periodically 1s also mput.

The transmission device 10A has, similarly to the trans-
mission device 10 according to the first exemplary embodi-
ment, 1n addition to a function of converting plural signals
(parallel signal) input from the CPU 40 1n parallel into a serial
signal and performing serial transmission, a function of
inserting phase difference information representing phase
difference among the plural signals input in parallel from the
CPU 40 to the transmission device 10A 1n the serial signal and
performing the serial transmission.

More specifically, the transmission device 10 A 1includes, 1n
addition to three latch circuits 11, 12 and 13, a PLL circuit 14
and a P to S converter 15, a phase difference information
transter instructing unit 16. Herein, also, as an example of the
plural signals, three signals of a chip selection signal CS, a
writing signal WR and information signal DATA are taken.
However, this 1s merely an example, and the invention 1s not
limited to this.

Similarly to the case 1n the first exemplary embodiment,
the latch circuits 11, 12 and 13 latch, in synchronization with
a sampling clock CLK, the chip selection signal CS, the
writing signal WR and the information signal DATA which
are 1nput in parallel from the CPU 40. The PLL circuit 14
generates, by Irequency-multiplying the sampling clock
CLK, generates a transmission clock which 1s higher 1n fre-
quency than the clock CLK.

To the phase difference information transfer instructing
umt 16, phase difference immformation 1s given. The phase
difference information indicates a phase difference among
the plural signals mnput 1n parallel from the CPU 40 to the
transmission device 10A, that 1s, among the chip selection
signal CS, the writing signal WR and the information signal
DATA. This phase difference, as described before, refers to
time lag among a logical change point of the chip selection
signal CS, a logical change point of the writing signal WR,
and a first information start point of the information signal
DATA.

In this example, on the basis of the logical change point of
the chip selection signal CS, time lag between the logical
change point of the writing signal WR and the change point of
this base signal, and time lag of the first information start
point of the information signal DATA and the change point of
the base signal are taken as the phase difference among the
plural signals. This phase difference, since 1t 1s time 1nforma-
tion, can be represented by the number of clock cycles of the
transmission clock obtained by frequency-multiplying the
sampling clock CLK 1n the PLL circuit 14.

The phase difference among the plural signals mput 1n
parallel from the CPU 40 to the transmission device 10A has
been determined under specifications. Accordingly, by con-
verting the phase difference to the number of clock cycles of
the transmission clock, the phase difference information
among the plural signals can be obtained by the number of
clock cycles. This clock number information 1s given to the
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phase difference information transfer instructing unit 16 as
phase difference information indicating the phase relation
among the plural signals when their signals have been inputin
parallel to the transmission device 10A.

The phase difference information transier istructing unit
16 stores the phase difference information (clock number
information) given from the outside, and gives the phase
difference information to the P to S converter 15 as command
data when the P to S converter 15 converts the parallel signal
into a serial signal and transmuts the serial signal. Upon recep-
tion of this command data, the P to S converter 15 inserts the
command data into the serial signal and transmits 1ts serial
signal serially to the reception device 20A. A concrete
example of mserting the command data indicating the phase
difference mformation into the serial signal and performing
the serial transmission will be described later.

The reception device 20A 1includes, similarly to the recep-
tion device 20 in the first exemplary embodiment, an S-P
converter 21, three latch circuits 22, 23 and 24, a phase
difference information storage unit 23, and a phase correcting
unit 26. However, the phase difference information storage
unit 25 1n the first exemplary embodiment stores 1n advance
the phase different information given from the outside. To the
contrary, the phase difference information storage unit 23 1n
the reception device 20A 1n this exemplary embodiment
stores, as phase difference information, the command data
extracted from the sernial signal received by the S to P con-
verter 21

Similarly to the case in the first exemplary embodiment,
the S to P converter 21 receives the seral signal transmitted
serially through the communication line 30 from the trans-
mission device 10A, and extracts the transmission clock
information inserted in the serial signal as a control clock
S-CLK. Then, the S to P converter 21 supplies the extracted
control clock S-CLK to the phase correcting unit 26, and
converts the recerved serial signal S 1nto a parallel signal P 1n
synchronization with the control clock S-CLK.

The S to P converter 21 further extracts the command data
inserted 1nto the serial 51gnal and gives the extracted com-
mand data to the phase difference information storage unit 25.
Further, the S to P converter 21 generates, on the basis of the
control clock S-CLK, a latch clock CDR-CLK having the
same frequency as the frequency of the sampling clock CLK
on the transmission side, and supplies the latch clock CDR -
CLK to the latch circuits 22, 23 and 24, and the phase cor-
recting unit 26.

The latch circuits 22, 23 and 24 latch the chip selection
signal CS, the writing signal WR and the information signal
DATA output in parallel from the S to P converter 21, 1n
synchronization with the latch clock CDR-CLK. Hereby, the
chip selection signal CS, the writing signal WR and the infor-
mation signal DATA are output from the latch circuits 22, 23
and 24 at the same timing, and supplied to the phase correct-
ing unit 26.

The phase correcting unit 26 subjects the chip selection
signal CS, the writing signal WR and the information signal
DATA which are supplied from the S to P converter 21
through the latch circuits 22, 23 and 24 at the same timing to
phase correction processing. This phase correction process-
ng 1s performed on the basis of the phase difference nfor-
mation given from the phase difference information storage
unit 25 1n order to return a phase relation among their signals
to the phase relation when their signals have been mput in
parallel to the transmission device 10A.

Specifically, in this example, on the basis of the chip selec-
tion signal CS, after the chip selection signal CS has been
output, the control clock S-CLK 1s counted to the number of
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clock cycles by the phase difference information given from
the phase difference information storage unit 25, that 1s, and
the output of the writing signal WR and the output of the
information signal DATA are delayed respectively for the
time according to the number of clock cycles. Herein, also,
similarly to the case 1n the first exemplary embodiment, the
logical change point of the writing signal WR and the first
information start point of the information signal DATA have
the same timing.

The control clock S-CLK 1s a clock having the same cycle
as the cycle of the transmission clock used on the transmis-
s10on side. Namely, the phase difference information set as the
number of clock cycles of the transmission clock represents
the number of clock cycles of the control clock S-CLK.
Accordingly, by counting the control clock S-CLK, the phase
correction can be performed according to the delay time
determined by 1ts number of clock cycles.

Thereatter, the phase correcting umt 26 outputs the chip
selection signal CS, the writing signal WR and the informa-
tion signal DATA 1n a state where the phase relation among
their signals returns to the phase relation when their signals
have been input 1n parallel from the CPU 40 to the transmis-
sion device 10. Further, the phase correcting unit 26 fre-
quency-divides the control clock S-CLK thereby to output a
clock signal CLK having the same cycle as the cycle of the
sampling clock CLK on the transmission side.

Operation of System

The operation of the above configured serial transmission
system according to the second exemplary embodiment 1s
basically the same as the operation of the serial transmission
system according to the first exemplary embodiment. The
difference between the first exemplary embodiment and the
second exemplary embodiment 1s the following point.
Namely, in case of the serial transmission system according to
the first exemplary embodiment, the phase correction 1s per-
formed on the basis of the phase difference information stored
in advance by the phase difference information storage unit
235. 'To the contrary, 1n case of the serial transmission system
according to the second exemplary embodiment, the phase
difference information is 1serted as the command data into
the serial signal and transmitted serially from the transmis-
s10n side, and the phase correction 1s performed on the recep-
tion side on the basis of the phase difference information
obtained from the command data.

Here, 1n case of a serial transmission system in which the
frequency of the transmission clock and the phase relation
among the plural signals are constant regardless of informa-
tion to be transmitted, when the phase correction 1s performed
on the reception side, the phase correction processing does
not need to be performed using the phase difference informa-
tion extracted from the serial signal at every reception and the
phase correction processing can be also performed using the
phase difference information stored in advance 1n the phase
difference information storage unit 25.

However, there 1s also a serial transmission system in
which the frequency of the transmission clock and the phase
relation among the plural signals change due to the difference
in contents of information to be transmitted. As an example of
this serial transmission system, when information to be trans-
mitted 1s 1mage information, there 1s a case in which the
frequency of the transmission clock and the phase relation
among the plural signals are diflerent between monochro-
matic 1image information and color image mformation.

In case of such the system configuration, 1t 1s better that: an
instruction of the phase difference information corresponding
to the frequency of the transmission clock and the phase
relation among the plural signals 1s given from the phase
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difference iformation transifer instructing unit 16 on the
transmission side to the P to S converter 15 to perform the
serial transmission, while the phase difference information 1s
extracted from the received serial signal on the reception side
and the phase correction processing 1s performed using the
extracted phase diflerence information.

(Serial Transmission of Phase Difference Information)

As methods of inserting the phase difference information
into the serial signal as the command data and performing the
serial transmission, there are variously conceivable methods.
An example of the methods will be described below.

In high-speed serial transmission of G bit/s, for example
2.5 G bit/s or more, an 8B10B encoding technology 1is
adopted 1n order to serialize the parallel signal. There are also
other encoding technologies than 8B10B encoding, for
example, 4B5B encoding and 64B66B encoding. The 8B10B
encoding technology 1s a system in which an 8-bit parallel
signal 1s converted, in order to perform serial transmission,
into a 10-bit serial signal so that the same level state does not
continue for a long time.

In the 8B10B encoding, a special symbol referred to as a
K-code 1s used. In the 8B10B encoding, the K-code 1s distin-
guished from information to be transmitted. Accordingly, the
K-code can be used for transmission of command data (phase
difference information). In the 8B10B encoding technology,
in order to achieve DC-balance, 2-bit data are added to the
input data of 8-bit data to generate 10-bit data having equal
appearances of logics “1” and “0”.

In the command 1nserting system using the 8B10B coding,
symbols are assigned 1n accordance with a standard such as
PCI-EXPRESS. To an 1dle-symbol or establishment of 1nitial
link, K28.5 15 assigned; to a start of packet, K27.7 1s assigned;
and to an end of packet, K29.7 1s assigned. Here, a packet
refers to a data block having a fixed size. The command
iserting system using this 8B10B encoding transmits the
command data at timing another than timing of the usual data
transmission portion.

FIG. 4 shows the command insertion structure of the
8B10B encoding. In FI1G. 4, K27.7 indicates a start of packet
and 1s generated at the arbitrary packet start timing. K29.7
indicates an end of packet and 1s generated in accordance with
a standard width. In an example shown 1n FIG. 4, K28.1 and
K28.2 are used for commands.

FIG. § 1s a conceptual diagram of command transmaission.
Onto the transmission side, i1dentification data indicating
whether command data 1s inserted into the K-code or not 1s
given. In case that the identification data indicates the com-
mand data insertion, the command data 1s selected; and in
case that the identification data does indicate the command
data insertion, the usual data i1s selected. Next, the 8B/10B
conversion and parallel/serial conversion are performed
thereby to perform the serial transmission. At this time, the
identification data 1s also serially transmaitted.

On the reception side, the received serial signal 1s subjected
to the 10B8B conversion to be returned to the original 8-bit
data, and to serial/parallel conversion. At this time, the above
identification information 1s extracted and symbol decision 1s
performed. In case that the identification data indicates the
command data insertion, the command data 1s selected and
output; and 1n case that the 1dentification data does indicate
the command data insertion, the usual data 1s selected and
output. The command data selected at this time 1s given to the
phase difference information storage unit 235 1n FIG. 3 as
phase difference information.

In the exemplary embodiment, although the system con-
figuration example 1n which the information processing unit
1s composed of one CPU has been given, there 1s also a case
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that plural CPU’s exist. In this case, plural groups each of
which 1s composed of plural signals exist. As this example,

there 1s a series transmission system which transmits 1image
information. In case of this system, plural CPU’s exist for
respective colors of 1mage information, and plural signals
necessary for the image information processing exist. Among,
the plural groups of signals corresponding to their respective
colors, the phase relation among the plural signals 1s different.

In this case, for each of the plural groups of signals output
from the plural CPU’s, a base signal 1s necessary, Further,
phase difference information between the base signal and the
other signals 1s necessary for each group. In this case, there
are, 1n one series transmission system, the plural base signals
and phase difference information for correcting the phases of
the other signals for each of the plural base signals.

In case of this series transmission system, the phase differ-
ence mformation includes plural information each of which
indicates the base signal for each group of plural signals
output from the plural CPU’s. Here, considering the case
where the above-mentioned 8B10B encoding technology 1s
used in transmission of the phase difference information, for
example, K28.1 can be used for transmission of the phase
difference information, and K28.2 can be used for transmis-
sion of the information indicating the base signals.

Further, 1n the exemplary embodiment, as an example of
the serial transmission method of 1nserting the phase differ-
ence information, as the command data, into the series signal
and performing the serial transmission, the case using the
8B10B decoding technology has been described, but this 1s
merely an example. For example, 1n packet communication
using a packet that 1s a data block having a fixed size, there are
also thought a method of 1nserting command data into a unit
of the packet to transmit the command data, and a method of
providing an 1nsertion unit between packets and iserting the
command data into its insertion unit to transmit the command
data.

While the invention has been described with reference to
the exemplary embodiments, the technical scope of the inven-
tion 1s not limited to the scope described in first and second
exemplary embodiments thereof, but various changes or
improvements may be added to the first and second exem-
plary embodiments without departing from the scope of the
invention. Further, exemplary embodiments to which such
the changes or improvements are added are also covered in
the technical scope of the mvention.

Application Example

The mvention 1s applicable also to a serial transmission
system which, 1n case that the clock (sampling clock) CLK
which each of the plural signals input in parallel has 1s
extremely different 1n frequency from the transmission clock,
transmits signals through a storage unit 1n order to absorb its
difference in frequency. The configuration of this serial trans-
mission system 1s shown in FIG. 6. In FIG. 6, units equal to
those 1n FIG. 3 are denoted by the same symbols.

In a transmission device 10B, 1n a succeeding stage of latch
circuits 11, 12 and 13, a storage unit 51 1s provided, and latch
circuits 52, 53 and 54 are provided between the storage unit
51 and a P to S converter 15. In the storage unit 51, a chip
selection signal CS, a writing signal WR and an information
signal DATA latched to the latch circuits 11, 12 and 13 are
temporarily stored.

The chip selection signal CS, the writing signal WR and the
information signal DATA stored 1n the storage umt 31 are
latched to the latch circuits 52, 33 and 54 in synchronization
with a clock clk which 1s supplied from an external oscillator
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60 and 1s higher 1in frequency than a sampling clock CLK. The
clock clk supplied from the external oscillator 60 1s ire-
quency-multiplied by a PLL circuit 14 and the frequency-
multiplied clock 1s supplied as a transmission clock to the P to
S converter 13. 5

Since the transmission clock 1s a clock obtained by fre-
quency-multiplying the clock clk that 1s higher in frequency
than the sampling clock CLK, the frequency of the transmis-
sion clock1s greatly higher than the frequency of the sampling
clock CLK. In order to absorb the difference 1n frequency 10
between the transmission clock and the sampling clock CLK,
the storage unit 51 1s provided.

In a reception device 20B, a storage unit 35 1s provided in
a succeeding stage of latch circuits 22, 23 and 24. In the
storage unit 55, the chip selection signal CS, the writing 15
signal WR and the information signal DATA which are output
in parallel from an S to P converter 21 are stored 1n synchro-
nization with a latch clock CDR-CLK.

The chip selection signal CS, the writing signal WR and the
information signal DATA stored in the storage umt 35 are 20
input in parallel to a phase correcting unit 26 1n synchroniza-
tion with a clock supplied from an external oscillator 70. The
clock supplied from the external oscillator 70 1s frequency-
multiplied by a PLL circuit 56 so as to become a clock having,
the same frequency as the frequency of the transmission 25
clock, and the frequency-multiplied clock 1s supplied to the
phase correcting unit 26.

Also 1n the senal transmission system having the above
configuration, similarly to the serial transmission system
according to the second exemplary embodiment, phase dif- 30
ference information 1s inserted, as command data, from the
transmission side into a serial signal to perform serial trans-
mission, and phase correction 1s performed on the reception
side on the basis of the phase difference information obtained
from the command data. In this example, a case 1n which the 35
second exemplary embodiment 1s applied to the serial trans-
mission system having the above configuration has been
described, but the first exemplary embodiment may be
applied thereto.

The foregoing description of the exemplary embodiments 40
ol the present invention has been provided for the purposes of
illustration and description. It 1s not intended to be exhaustive
or to limait the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen 45
and described 1n order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled 1n the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It 1s intended that the 50
scope of the invention be defined by the following claims and
their equivalents.

What 1s claimed 1s:

1. A serial signal receiving device, comprising: 55

a serial-parallel converter that converts a transmitted senal
signal ito a parallel signal, wherein the serial signal 1s
obtained from a plurality of signals;

a storage unit that stores phase difference information indi-
cating a phase difference among the plurality of signals; 60
and

a correcting unit that corrects a phase relation among the
plurality of signals of the parallel signal output from the
serial-parallel converter based on the phase difference
information stored by the storage unit, 65

wherein a signal of the plurality of signals, 1n which a
logical change point comes earliest 1s a base signal, and

12

wherein the phase difference information indicates a phase
difference between the base signal and each of the other
signals of the plurality of signals.

2. The senial signal recerving device according to claim 1,

wherein the correcting unit corrects the phase difierence by
counting a number of periodic signals for transmitting
the senial signal and correcting the phase difference
based on the number of periodic signals.

3. The serial signal recerving device according to claim 1,
wherein the serial signal 1s obtained by serializing a chip
selection signal (CS), a writing signal (WR), and an informa-
tion signal (DATA).

4. The serial signal recerving device according to claim 3,
wherein the base signal 1s the chip selection signal.

5. A serial transmission system comprising:

a transmission device that converts a plurality of input
signals that are input in parallel into a serial signal, and
serially transmits the serial signal with phase difference
information which indicates a phase difference among,
the plurality of mput signals; and

a reception device that receives the serial signal and con-
verts the serial signal recerved from the transmission
deviceinto a parallel signal, and corrects a phase relation
among a plurality of signals of the parallel signal based
on the phase difference information received from the
transmission device.

6. The serial transmission system according to claim 3,

wherein the reception device corrects the phase difference
by counting the number of periodic signals for transmuit-
ting the serial signal and correcting the phrase difference
using the number of periodic signals.

7. The senial transmission system according to claim 5,

wherein when an encoding technology in which transmis-
s1on 1s performed by converting a parallel signal into a
serial signal having a minimum unit number that 1s
larger than a minimum unit number of parallel signal
information 1s used, the phase difference information 1s
inserted into a symbol portion of the serial signal that 1s
distinguished from information to be transmitted and 1s
transmitted.

8. The serial signal receiving device according to claim 5,

wherein a signal of the plurality of input signals, in which
alogical change point comes earliest1s a base signal, and

wherein the phase difference information indicates a phase
difference between the base signal and each of the other
signals of the plurality of input signals.

9. The senal transmission system according to claim 8,

wherein when a plurality of groups of the plurality of input
signals exist, the phase difference information includes
information indicating the base signal for each group of
the plurality of groups.

10. The serial transmission system according to claim 8,
wherein the serial signal 1s obtained by senalizing a chip
selection signal (CS), a writing signal (WR ), and an informa-
tion signal (DATA).

11. The senal transmission system according to claim 10,
wherein the base signal 1s the chip selection signal.

12. A serial transmission method comprising:

converting a plurality of signals that are mnput in parallel
into a serial signal;

transmitting the serial signal with phase difference infor-
mation indicating a phase difference among the plurality
of signals;

recerving the serial signal;

converting the serial signal 1nto a parallel signal; and
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correcting a phase relation among the plurality signals of 14. The sernial transmission method according to claim 13,
the parallel signal based on the phase difference infor- wherein the serial signal 1s obtained by senalizing a chip
mation. selection signal (CS), a writing signal (WR ), and an informa-
13. The serial transmission method according to claim 12, tion signal (DATA).
wherein a §ignal of the PI_UI' aliity of sign:als, 1in which a logical 5 15. The senal transmission method according to claim 14,
change point comes earliest 1s a base signal, and wherein the base signal 1s the chip selection signal.

wherein the phase difference information indicates a phase
difference between the base signal and each of the other
signals of the plurality of signals. I I
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